Rheumatic diseases are chronic inflammatory diseases which cause mild to severe functional loss and disability due to articular and extra-articular manifestations. One common form -ankylosing spondylitis (AS)-affects mainly the axial skeleton and sacroiliac joints, and certain extra-articular organs. The pulmonary involvement is a known manifestation of AS and emerges either in the form of interstitial lung disease or in the form of restricted pulmonary functions. The aim of this study is to determine the pulmonary functions in AS patients and to assess its relationship with quality of life, functionality and disease activity. Thirty-six AS patients and 34 healthy volunteers were recruited for the study. A detailed examination, pulmonary function tests, smoking inquiry and quality of life questionnaire were performed on all participants. Also patients were requested to complete functionality and disease activity indexes. The outcomes showed that 15 (41.7%) AS patients had pulmonary involvement: twelve patients with restrictive patterns, one with obstructive pattern, and two with both restrictive and obstructive patterns. Decreased forced expiratory volume in one second was associated with deteriorated functionality ( p < 0.05). Decreased chest expansion was also accompanied with decreased forced vital capacity ( p < 0.05). There was no statistically significant difference between the smoking and non-smoking patients in regard to disease activity, functionality and pulmonary function test variables ( p > 0.05). In conclusion, the pulmonary involvement is common in AS and might have disturbed functionality and the quality of life in AS patients. rheumatic disease; ankylosing spondylitis; pulmonary involvement; functionality; quality of life
MATERIALS AND METHODS

Study design and patients
This was a cross-sectional study and approved by the Gulhane Military Medical Academy ethical committee. All of the recruited subjects signed the informed consent and agreed to participate. Thirty-six male patients with diagnosis of AS according to modified New York criteria and 34 age-matched healthy male volunteers with similar physical activity levels were recruited for this study. The controls were healthy subjects who visited our outpatient clinic for annual routine health control and they had no disease. The patients who had a systemic disorder that affects the locomotor system or had a chronic disease other than AS were excluded.
Clinical assessments and laboratory parameters
All of participants were examined by a physician, and their demographic characteristics and smoking were inquired. In addition, laboratory findings (hemogram, erythrocyte sedimentation rate [ESR] , C-reactive protein [CRP] , liver and renal function tests) and radiological findings (patients' chest, lumbosacral and sacro-iliac joint radiographies) were assessed. Furthermore, all participants' QOL and all patients' functionality and disease activity status were assessed with the following indexes: functional status with Bath Ankylosing Spondylitis Functional Index (BASFI) (Ozer et al. 2005) , disease activity with Bath Ankylosing Spondylitis Disease Activity Index (BASDAI) (Yanik et al. 2005) , and QOL with Short Form-36 (SF-36) (Demirsoy 1999) .
BASFI consists of eight specific questions regarding functions and two questions reflecting the patient's ability to cope with daily life. BASDAI consists of six questions pertaining to the five major symptoms of AS. Each question was answered on a 10 cm horizontal visual analog scale (VAS). The higher the score means the greater the disability. SF-36 is a self-administered questionnaire assessing problems experienced during the previous four weeks in eight domains; physical functioning, pain, role limitations due to physical problems, role limitation due to emotional problems, social functioning, mental health, energy, and general health perceptions. Each domain is scored in a range between 0-100. The higher scores indicate better functions.
The chest expansion was measured with a tape measure (in cm) placed circumferentially around the chest wall at the fourth intercostal space. The limitation in lumbar flexion was measured with a tape measure (modified Schober's test). Ten cm above and 5 cm below the Rheumatic diseases are characterized by inflammation and loss of function of one or more connecting or supporting structures of the body. Some rheumatic diseases can also involve internal organs. Spondyloarthropaties are a group of rheumatic diseases that principally affect the spine and sacroiliac joints. One common form of spondyloarthropaties is ankylosing spondylitis (AS) which is a chronic, systemic, inflammatory rheumatic disease that affects mainly the axial skeleton and to a lesser degree, peripheral joints and certain extra-articular organs, including the lungs, eyes, and cardiovascular system. (Seçkin et al. 2000; El Maghraoui et al. 2003) . The involvement of the lungs measured as reduced lung volumes is a known manifestation of the disease. This has been suggested to be a consequence of reduced mobility of the thoracic cage (Hamilton 1949; Hurwitz et al. 1982; Hillerdal 1983; Seçkin et al. 2000) . In previous studies, which were made with reontgenographic evaluation, pulmonary involvement frequency was reported between 1 to 15% in AS in different studies (Rosenow et al. 1977; Fenlon et al. 1997) . However in recent studies, which were performed with chest high resolution computed tomography, the pulmonery involvement freguency was reported between 40 to 80% in different studies Turetschek et al. 2000; Kiris et al. 2003; Senocak et al. 2003; Souza et al. 2004; Sampaio-Barros et al. 2007 ). The pulmonary involvement in AS usually emerges either in the form of interstitial lung disease or in the form of restricted pulmonary functions due to chest wall limitation. The involvement of thoracic vertebrae, costovertebral costotransverse, sternoclavicular and sternomanubrial joints result in an increase in dorsal kyphosis and rigidity of the thorax (Fisher et al. 1990 ). However, nature, frequency and etiology of the pulmonary involvement in AS and its relationship with functionality, disease activity, quality of life and radiological status are not yet clearly elucidated. The aim of this study is to determine the pulmonary functions in AS patients and to assess its relationship with quality of life (QOL), functionality and disease activity. dimples of Venus were marked. A restriction was considered if the distance between these points was less than 5 cm in maximal lumbar flexion. The smoking status was categorized as non-smoker, ex-smoker and current smoker (smoker was defined as a subject smoking at least one cigarette per day for a year). In order to calculate pack years of smoking, the average number of cigarettes smoked per day was divided by 20 to find packs per day and was then multiplied by the total number of years of smoking.
Pulmonary function test (PFT) was performed on all patients and controls by using PFT machine (Minato AS-600 spirometer, Minato, Osaka). This test is used for evaluation of lung volume and lung capacities that reflect airway and lung tissue diseases. The PFT results of the patient and control groups were recorded according to age, sex and height by using predicted percentages according to American Thoracic Society (ATS) criteria (ATS 1995) . The following PFT parameters were determined:
-Forced vital capacity (FVC %) was accepted as the total amount of air that could be forcibly blowed out after full inspiration.
-Forced expiratory volume during the first second (FEV1 %) was accepted as the amount of air that could be forcibly blow out in one second.
-FEV1/FVC is a ratio showing the amount of the FVC that could be expelled at first second. For healthy adults this should be approximately 80%.
-Forced expiratory flow at 50% of vital capacity (FEF50) is similar to the peak expiratory flow (PEF), except the measurement is taken at the listed portion of the breath out.
-Vital capacity (VC) is the maximum volume that an individual could expire after a single maximal inspiration.
Three breathing patterns were defined: -obstructive pattern, as FEV 1 /FVC < 80%, -restrictive pattern, as decrease of FVC < 80% and FEV 1 with a normal FEV 1 /FVC ratio, -normal pattern as FVC > 80% and FEV 1 /FVC > 80%.
Statistical analysis
Statistical analyses were performed with SPSS 11.0. Descriptive data was presented as mean ± S .D. Comparisons between the groups were performed by using Student t-test for continuous variables. Pearson's correlation coefficient was used to measure the correlations between AS indexes and SF-36, the chest expansion and PFT parameters (FVC, FEV1, FEV1/ FVC, forced expiratory flow rate, FEF50). The comparisons within groups were performed by using Mann Whitney's U-test. Statistical significance was set at p < 0.05.
RESULTS
The characteristics of all the subjects are shown in Table 1 . There was no difference between patients and controls with regard to age, weight and body mass index. The mean chest expansion in AS patients was 3.9 ± 2.2 cm, which was significantly lower than that of controls 5.6 ± 0.6 cm ( p = 0.002). In AS patients, all PFT parameters except FEV1/FVC were lower than those of controls' and the differences were statistically significant (all p values < 0.05). The 41.7% of the patients' PFT results were abnormal; 12 patients (33.3%) had restrictive, one patient (2.8%) had obstructive, two patients (5.6%) had both restrictive and obstructive patterns, and 21 patients (58.3%) were normal. Only two patients had abnormal chest radiographies: one apical fibrosis and one bronchiectasis.
Disease activity had not any relation with PFT variables. Also BASFI scores' relationships with PFT variables were investigated and it was found that functionality had no relationship with PFT variables except FEV1. FEV1 had statistically significant negative correlation with functionality for AS patients. This means that lower FEV1 values were together with higher functionality scores. ESR, CRP, the chest expansion and the modified lumbar schober were also compared to functionality and disease activity (Table 2) . VC, FVC and FEV1 values were lower in the patients whose CRP values were higher. The VC values were also lower in the patients whose ESR values were higher.
The chest expansion in AS patients was significantly lower than the controls. Both FVC and VC were found decreased while the chest expansion decreased in AS patients (r = 0.375; p = 0.025, r = 0.384; p = 0.024; respectively).
Patients and controls were also investigated for smoking status. In patients group, the mean packs years were 12.0 ± 5.8. In control group, the mean packs per years were 10.4 ± 6.1. There were no statistically significant differences between smoker and non-smoker groups according to disease activity, functionality and PFT variables ( p > 0.05).
PFT variables were compared to SF-36 scores in order to reveal the relation with quality of life in AS patients. Each SF-36 domain in AS patients was lower than those of controls ( p < 0.05). All QOL domains except the role limitations due to emotional problems were found to correlate positively with the functionality and correlate negatively with disease activity ( p < 0.05). Thus, the patients whose disease activity levels were higher and functionality levels were lower, quality of life were worse in general. There were no statistically significant correlation between the QOL domains and PFT variables (Table 3) . Also, QOL domains were found to be indifferent between patients with restrictive lung involvement and those who had normal PFTs.
Patients with restrictive PFT pattern and those who had normal PFT pattern were also compared with regard to chest expansion, functionality and disease activity. Statistically significant difference was observed only in chest expansion ( p = 0.001). Patients who had restrictive PFT pattern chest expansion were lower than nromal PFT patterned patients.
DISCUSSION
The pleuropulmonary abnormalities caused by AS have been known for many years. However, information about relationship between AS and respiratory functions is insufficient. The pulmonary function tests in AS had shown previously that the typical pattern was restrictive, characterized by a low thoracic expansion, but pulmonary compliance, diffusion capacity and arterial blood gases were normal (Fisher et al. 1990 ). The restrictive pattern characterized by low FVC is frequently associated with low thoracic expansibility (Feltelius et al. 1986; Franssen et al. 1986; Vanderschueren et al. 1989 ). The normal chest expansion requires normal costovertebral, costosternal, manubriosternal and sternoclavicular joints. If any of these joints are involved, the chest expansion is decreased. Cerrahoglu et al. (2002) reported that sacroiliac joint and costovertebral joint involvement showed a statistically significant correlation with decreased chest expansion, longer disease duration and increased morning stiffness in AS. They have found that neither obstructive nor restrictive respiratory function abnormality was detected in the PFT. In addition, they observed that PFT values had no significant relation with involvement of costotransverse and costovertebral joints, decreased chest expansion and hand-ground distance. They also found that the morning stiffness lasting more than 30 min and hand ground distance were reported to be good indicators of disease activity. Opposingly, we found that decreased chest expansion had significant correlation with decreased VC and FVC values. But, more importantly, we found that 41.7% of our patients had abnormal PFT patterns and mostly restrictive lung disease pattern. We do not have a reasonable explanation for this significant difference between the two studies. On the other hand, in accordance with our results, there are some studies in the literature (El Maghraoui et al. 2004; Sahin et al. 2004 ) that show restrictive PFT pattern in AS patients.
It is known that functionality in AS patients is lower than the healthy people and this may somewhat be related to the pulmonary involvement. Sahin et al. (2004) stated that there was a significant negative correlation between functionality and pulmonary muscle strength, but they did not find a significant relation between BASFI and the chest expansion. They also concluded that chest expansion did not affect the functionality. Their results are similar to ours; we found that chest expansion had no relationship with functionality, disease activity and QOL in AS patients. In our study, it was shown that there was no difference with regard to functionality scores, between those patients having restrictive PFT pattern and those having normal pattern. Fisher et al. (1990) showed that AS patients with very restricted chest expansion were able to achieve adequate work capacities. Ariza-Ariza et al. (2003) investigated QOL and functionality in AS patients and they found that disease activity and restriction of axial joints were the main related factors with physical function. This condition might reflect that chest limitation does not contribute to diminished functionality in AS patients. Ward et al. (2005) studied 326 patients with AS -of at least 20 years of disease duration-to investigate the risk factors for functional limitations. Lifetime occupational physical activity, current smoking, education level, number of co-morbid conditions, and family history were found to be significantly associated with functionality. But we did not find any relation with smoking status and functionality. El Maghraoui et al. (2004) compared lung findings on thoracic HRCT to PFT findings to find out if there was any correlation in AS patients. They reported that the pulmonary function was not related to parenchymal lesions but correlated with axial joint involvements and disease activity. Similar to our study, they found that PFT was related to functionality. In contrast to our study, they did not find any correlation between PFT and thoracic expansion. Casserly et al. (1997) reported that the patients who had PFT abnormality shown abnormal HRCT changes and there was a statistically significant correlation with HRCT and PFT findings.
The pulmonary involvement in the AS is various. However, the presence of a clinical or subclinical lung involvement is not correlated to disease activity, ventilatory dysfunction or medication. Diaphragmatic respiration is the main compensation mechanism to prevent restrictive respiration pattern. When chest expansion decreases, diaphragm, sternocleidomastoid, pectoral and scalen muscles activities increase and compensate for restrictive changes. The concordance between PFT results and functional may be related to this condition.
We found a few studies investigating the relationship between QOL and PFTs in patients with chronic diseases. In the study by Euteneuer et al. (2006) , QOL was found to be worse in patients with chronic obstructive pulmonary disease (COPD) and neuromuscular diseases, but not in patients with restrictive ventilatory disorders. These results are partly similar to ours, because there was no difference between QOL in patients having restrictive PFT pattern and those having normal PFT pattern despite QOL was worse in AS patients than controls. Soyyigit et al. (2006) reported that there was only a moderate positive correlation between pulmonary functions (FVC and FEV1) and general health perception and physical function in COPD patients. These results support that COPD and restrictive pulmonary disease disturb the quality of life but they are not strongly related to pulmonary functions.
The role of smoking in worsening lung disease in AS patients is plausible. However, we found no difference between PFT results of smokers and non-smokers. Likewise, El Maghraoui (2005) found that HRCT abnormalities were similar between smoker vs nonsmoker AS patients.
In conclusion, the restrictive pulmonary involvement is common in AS patients but its reason is not definitely known. The restrictive pattern at PFT might be associated with low thoracic expansibility and decreased vertebral column mobility, but there is no sufficient proof to confirm this relationship yet. It is clear that the QOL and functionality are worsened in AS, however; restrictive pulmonary pattern alone does not worsen the QOL and functionality scores in these patients. Further, the pulmonary volume and capacities seem not to reflect the functionality, QOL and disease activity in AS. We conclude that the vertebral mobility and the chest expansibility are important for pulmonary functions in AS patients and PFT may be useful to assess the pulmonary functions in this regard.
